INTRODUCTION
Since the introduction of composite resin for restoration in the 1960s, its properties have been improved remarkably1). Nowadays the application of the composite resin for posterior teeth is widely used. During mastication, restoratives or prosthesis repeatedly suffer stress in the oral cavity and have to be endured for a long time2).
At prognosis of the composite resin restoration for posterior teeth, a fracture of the composite seems to occur at a relatively early stage3,4). Various factors, such as material strength, adhesive efficiency to teeth structures and environmental factors, induce the fracture of the composite resin; as a result, a simple explanation for a fracture is not easy to find. However, the durability of the restorative materials is tested in most cases in a static strength test, in which load is applied once under static stress.
Therefore, the analysis of the dynamic test has become the subject of research5). Although tensile stress is one of the most stressful during mastication, only a few studies have been performed regarding direct tensile stress of composite resin, especially concerning the fatigue test.
In order to reduce the specimens and time generally required by the fatigue test, the staircase method was suggested6,7). Thus, the staircase method and the direct tensile test were employed in this study; the fatigue strength of two different types of composite resins for posterior teeth and the effect of long-term water storage on the fatigue properties were evaluated. 
Materials
Two types of light cure composite resins for posterior teeth were used; one material was classified as a Hybrid Type* (PP) and the other was as an MFR Type** (HM)8).
Preparation of specimens A dumbbell-shaped specimen, (2mm middle parallel portion and 2mm thickness)9) was employed for the fatigue test and the direct tensile test (Fig. 1 a, b) .
Approximately 0.28g of resin paste was packed into a dumbbell-shaped stainless steel mold. Celluloid strips were covered and fixed on both sides of the mold using slides and a) The mold and a specimen b) Schematic diagram of the specimen 
The X indicates mean fatigue strength; X0 is the load at the lowest stress level at which the fracture or non-fracture of specimens occurred; d is the stress increment; SD is the standard deviation.
A minus sign is used in the upper equation when the fatigue strength is obtained from fractured specimens, and a plus sign when from non-fractured specimens. The fatigue strength in this study meant that the stress induced a 50% specimen fracture within a 105 cyclic load.
Tensile test A universal test machine@ was used for the direct tensile test, which was performed at a 0.2 mm/min cross head speed. The test specimen was mounted on the test machine using the same jig mentioned previously.
Ten specimens from each storage period were measured; the total number of specimens used was 50 for each composite.
The tensile strength was calculated from the load at the fracture point and the original section area of the parallel portion of the specimen.
SEM observation of fractured surface
The fractured surfaces of the specimens after the fatigue or the direct tensile tests were coated with gold with an ion spattering machine@@ and examined using a scanning electron microscope$ with an original magnification of 500.
RESULTS
Specimens after the fatigue test are shown in Fig. 4 . Four fractures occurred outside the middle parallel portion; as a result, the total number of specimens used was two hundred and four.
Obtained fatigue strengths and tensile strengths are summarized in Table 2 . A t-test confirmed that the fatigue strength of PP at 24h was significantly greater than at 3M, 6M and 12M; there were no significant differences among the tensile strengths of any storage period.
The fatigue strength of HM at 24h was also significantly greater than at any longer storage period; the tensile strength decreased due to a longer storage period (Fig. 5) . Fig. 5 shows the relationships between the strengths and the water storage periods on a log scale. The regression line between the fatigue strength and the water storage of PP and that of HM were estimated by regression analysis; Y=69.8-3.43logX and Y=37.6-1.96 logX, respectively, where Y is the fatigue strength and X is the water storage period.
The coefficient of relation of the fatigue strength of PP to the storage period was 0.387, which was and Y=80.4-5.28logX, respectively, where Y is the tensile strength and X is the water storage period. The coefficient of relation of the tensile strength of PP to the storage period was 0.002 which was not significant; however, that of HM, 0.942, was significant (p<0.01).
The fracture surfaces after the fatigue test appeared shiny and smooth; there were no obvious differences among specimens of various storage periods.
With SEM examination (Fig. 6 a, c) , the fracture surfaces of PP, however, showed a lot of dropping out and projection of filler particles (the projection is indicated by the white arrow in Fig. 6 a) which adhered to the matrix; those of HM were rough and it was difficult to determine whether organic prepolymerized filler particles had fractured or not. The fracture surfaces after the direct tensile test of both composites were visually roug and they were almost identical regardless of the storage period . With SEM examination (Fig. 6 b, d) , the fracture surfaces of PP after the direct tensile test showed inter and intraparticle fractures (the interparticle fracture is indicated by the white arrow in Fig . 6 b) ; those of HM showed a similar surface after the fatigue test
The fatigue test has recently been discussed for various dental materials; however, the fatigue test based on S-N diagrams requires a large number of specimens and is timeconsuming. The staircase method, meanwhile, was introduced because it requires fewer specimens, is simple to execute and is very accurate. In particular, when a coefficient [(NB -A2)/N2] equals 0 .3 or more, the standard deviation becomes more accurate10). In this study, all coefficients were more than 0.3. The staircase method has been employed for the evaluation of bond-strength between an alloy and a composite11,12), compressive strength of composite resins13) and gallium alloy14), tensile strength of silver casting alloy15) and other materials16,17).
Water storage is considered one of the most effective factors on fatigue strength18). In this study, it was also effective on the strength of the composite resin. Fatigue properties of several composite resins were reported by Draughn13); these results were obtained by a compressive test at only two weeks of water storage.
Miyazaki et al.19) reported the difference between properties of composite resins obtained by the direct tensile test and by the diametral tensile test, and concluded that the difficulties of applying the diametral tensile test for the composite resins were because of their plasticity.
Properties obtained from the direct tensile test were more sensitive than the compressive or the indirect tensile test and was especially affected by a water storage period reported by Fujishima et al.9). However, the specimen shape for the direct tensile test was suggested essential for the test procedure20). In this study, 98% of the specimens used in the fatigue test were fractured in the middle parallel portion as a result of improvements in the specimen holding jig. Fracture segments suggested that the specimen shape and the method for the tensile test applied the tensile stress in the parallel portion.
The tensile strengths ranged from 73MPa to 36MPa at 24h water storage and decreased from 61% to 83% of the ordinary strength after 6 months water storage reported by Fujishima et al.9) . In the present study, the tensile strength of HM showed similar behavior; however, that of PP remained unchanged during water storage. Considering the mechanical properties of the composite resin, the hydration of silan-coupling agents was one of the main reasons for degeneration. PP was a newly developed product compared to HM. Takeshige et al.21) reported that PP showed little degeneration in 3 months of water storage; a protection for hydration might be designed. However, the fatigue strength of both composites decreased due to longer water storage.
Hence, fatigue strength was considered more sensitive than tensile strength for evaluating performance of composite resins.
The fatigue strengths of PP and HM were 54.7MPa and 28.1MPa at 24h storage, respectively; those of PP and HM were 48.0MPa and 22.5MPa at 12M water storage, respectively.
The ratio of the fatigue strength against the tensile strength (FS/TS) ranged from 0.487 to 0.710 on PP and from 0.503 to 0.590 on HM. That of HM had a smaller value than that of PP. Draughn13) reported the FS/TS of several composite resins at 2 weeks' water storage was 0.64; those of PP and HM in this study at 1M were 0.616 and 0.503, respectively. However, the FS/TS of PP decreased, while that of HM increased due to a longer water storage.
These findings suggest that the FS/TS varied according to the 
